Abstract: Soil as the largest potential natural water reservoir in the Carpathian Basin has increasing importance under conditions of predicted climate change resulting in increase of probability of extreme hydrological events. Soil management changes soil structure and has a major effect on soil water, heat and nutrition regimes. In this study the effect of four tillage treatments in combination with catch crop management was studied on soil hydraulic properties and water regime under semi-arid conditions. Investigations were carried out in a long-term soil tillage experiment established on Calcic Chernozem soil in Hungary. Tillage variants comprised mouldboard ploughing, disking, loosening combined with disking and direct drilling. The crop sequence between September 2003 and September 2004 comprised maize (main crop), rye (catch crop) and pea (forage). In May 2004, disturbed samples and undisturbed soil cores were collected from each tillage treatment/catch crop combination. The main soil physical and hydrophysical properties were determined in laboratory. In each treatment, capacitive soil moisture probes were installed up to 80 cm depth to ensure continuous measurement of soil water content. Total soil water amounts of chosen soil layers and soil water content dynamics as a function of depth were evaluated for selected periods in order to quantify the effect of the studied management systems on soil water regime. The main conclusion from the experiment is that under such (or similar) ecological conditions, the uniform, "over-standardized" adaptation of tillage methods for soil moisture conservation is rather risky, their application needs special care and the future is for site-specific precision technologies. These are, in combination with catch crop application can be efficient measures of environmental protection and soil structure and water conservation.
Introduction
The increase in atmospheric CO 2 , along with increase in other greenhouse gases, is believed to be changing the earth's energy balance (Haskett et al. 2000) . There has been recent confirmation of anthropogenic changes in earth's climate related to this increase. According to forecasts the probability, frequency, duration and intensity of extreme hydrological events and soil moisture situations (flood, water logging, over moistening versus drought, sometimes in the same year, in the same place) will be increasing in the future because of climate change, and its consequences.
Under such conditions as in Hungary, situated in the deepest part of the hydrogeologically practically closed Carpathian Basin -it is an important fact that soil is the largest potential natural water reservoir. Thus, a great part of the atmospheric precipitation can be stored in the 0-100 cm layer of the soil and this water storage may reduce hydrological stresses (Várallyay 2005) . This potential water storage capacity, however, cannot always be used efficiently, because of 1) limited infiltration due to freezing, compaction or other factors and 2) low water retention capacity. For an efficient soil moisture control and for the reduction of surface runoff, soil erosion and evaporation losses all efforts have to be taken to help infiltration, and to increase the water storage capacity of soil and the available moisture range (Štekauerová et al. 2006) . From this aspect, soil tillage practices have special importance (Várallyay 2005) .
Mechanical disturbance of soil, caused by soil tillage changes soil structure and pore size distribution in the tilled layer and underneath. Soil tillage has direct (through mechanical disturbance) and indirect (e.g. through its effect on root growths, biological processes, soil organic matter content etc.) effects on poresize distribution as well as soil structure and, consequently, on soil water retention and infiltration properties. Maintenance of stable soil structure is an important issue from both agricultural and environmental aspects (Dexter & Birkás 2004) . When soil structural degradation occurs, seedbeds can collapse and become anaerobic and unsuitable for crop growth. Structural degradation has also harmful effects on soil water regime and on soil aeration. Considering all the factors, mentioned above we can conclude, that it is essential to develop and put in practice sustainable, soil structureand moisture conserving soil management systems for increasing crop yields and limiting the devastating consequences of drought and extreme hydrological situation. Soil holds moisture mostly on the basis of texture, although plant available water can be modified by soil organic matter content because of the way soil particles aggregate. Application of catch crops and mulching can improve soil structure (Whiteley & Dexter 1982) and influences soil water retention and infiltration properties as well as soil temperature. However, it was shown, that the decision on whether to use catch crops is based heavily on the prevailing conditions (Ujj 2004) , including soil type, rainfall amount, perennial weed type, time of catch crop harvest and type of catch crop (Noble et al. 2005) . Consequently, investigation of various soil tillage systems and of catch crops adaptation under semi-arid conditions of the Carpathian Basin calls for further attention.
The objective of the current study was to investigate the combined effect of four tillage variants and a catch crop on soil hydrophysical properties and soil water regime of a Chernozem soil in Hungary for the selection and recommendation of site-specific, soil and moisture conserving soil management systems.
Material and methods

Experimental site
The investigation was carried out in the long-term soil tillage experiment of the Szent István University, established in 2002 (Birkás & Gyuricza, 2004) . The Józsefmajor Experimental Station (altitude 110 m, latitude: 47
• 40 N, longitude 19
• 40 E) is located nearby Hatvan, Hungary, 60 km north-east from Budapest on the northern edge of the Carpathian basin. The year average temperature is 7.9
• C, the annual and growing season precipitation amounts are 580 and 323 mm on average, respectively. The prevailing soil type is Calcic Chernozem, developed on loam and is moderately sensitive to soil compaction. The groundwater table is located below 3 m and has no hydrological connection with the root zone. The soil has a slightly acidic reaction (pH H2O is 6.38 and pH KCl is 5.43); the sand, silt and clay contents of the upper 20 cm layer are 23%, 42% and 35%, respectively. The organic matter content is 3.2% and 2.5%; the total N, P2O5 and K2O In 2003 maize, sown in winter wheat mulch was the main crop grown, after which rye (Secale cereale L.) was sown as a catch crop in half of the territory of each tillage treatment. Since the farm has livestock, the purpose of the rye production was double: to protect the soil and to produce green-mass for forage. For this reason, the rye was harvested rather late, in the beginning of June (Ujj 2004 ). The crop residue was implicated into the soil by a cultivator, except the direct drilling where the residue was treated using chemicals. After rye harvest, pea was sown to improve soil conditions and also for forage. Detailed description of various treatments, examined in this study is given in Table 1 .
Soil sampling, analyses and monitoring
In May 2004, disturbed samples and undisturbed soil cores of 100 cm 3 volume were collected from each tillage treatment/catch crop combination in 3 replicates. Samples were taken from 5 to 10-, 15 to 20-and 45 to 50-cm layers, representing the soil surface, the cultivated layer, the pan and the non-tilled layers, respectively. Samples were wetted from below and further drained to water suctions, h, of 1, 2.5, 10, 32, 100 and 200 cm using the hanging water column method (Várallyay 1973) and to 500, 2500 and 15850 cm by the osmotic method (Várallyay 1973). The water contents were then measured gravimetrically by drying the samples at 105
• C until no changes in their weight were observed. Bulk density was calculated from dry soil weights (105 • C, 48 h) and the volume of undisturbed samples. Soil texture was determined, using the pipette method. Differences between soil hydraulic properties attributed to different treatments were analysed by ANOVA using the STATISTICA software (StatSoft Inc 2001). The F statistics was used to separate significant differences in response parameters due to tillage. Significance is indicated at P < 0.05. Codes 0 and 1 refer to no catch crop and catch crop treatments, respectively.
In each of the 8 treatments, 3T-System type capacitive probes (Szőllősi 2003) were installed up to 80 cm depth with 10 cm increment to ensure continuous measurement of soil temperature and soil water content. Measurements were performed four times a day from September 16, 2003 until September 9, 2004. Daily average values for a period between days 70 and 240 were used for the calculation of total soil water contents of the upper 20, 50 and 80 cm soil layers. Soil water content dynamics as a function of depth was evaluated for periods, when all the capacitive probes had been working properly.
Results and discussion
Statistical evaluation of main soil hydraulic properties, measured in different treatments is given in Table 2 . In the 15-20 cm layer, no statistical differences between treatments with and without catch crop could be observed within plots with the same tillage operation, expect the P treatment. In the upper 10 cm layer, however, these differences were significant in almost all the cases, indicating, that catch crop application has valuable effect on topsoil properties, and, consequently, evaporation and infiltration characteristics of soil.
In the ploughing treatment, soil bulk density was lower in the treatment without catch crop (P 0), compared to the P 1 treatment. Also the saturated soil water content was higher. However, according to Ujj (2004b) , no differences between the penetration resistances of the P 0 and P 1 treatments were observed in May 2004 in the upper 50 cm layer, even thought the soil water contents were almost identical. This indicates that the pores of the topsoil were filled with live wet roots in the P 1 treatment, which influenced the bulk density and saturated water content measurements. Moreover, the presence of catch crops during the winter period had a favourable effect on soil structure, increasing the water holding capacity of the soil. Consequently, the potential amount of plant available water (PAW) increased in the 5-10 and 15-20 cm layers of the P 1 treatment compared to the P 0 by 6.9 and 8.3 v%, respectively. Similar tendencies were observed in all the other treatments, except disking. These observations are in accordance with those of other authors, saying, that the presence of plant roots support the capacity of the soil to adsorb water (Halabuk 2006; Doležal et al. 2007) Soil water retention curves, measured in the upper 20 cm soil layer in all the treatments are presented in Fig. 1 . Valuable differences between the soil water content values corresponding to different water potentials could be observed in the low suction range, while no differences could be found in the high suction (above 1000 cm H 2 O) range. The shape of the soil water retention curves reflected dual porosity soil structure in some of the treatments (e.g. in D and LD treatments).
We concluded that both, the tillage systems used in the experiment and the application or absence of catch crops had strong influence on soil structure, which could significantly affect the water and heat regimes of soil.
Total soil water (TSW), stored in the upper 20-, 50-and 80-cm soil layers are shown in Fig. 2 . For the whole rooting zone, the catch crop treatments were generally dryer in all tillage varieties except disking treatment due to rye water consumption. The range of TSW among the tillage systems was as follows: P < LD < Soil tillage systems NT < D. As it was reported by Ujj (2004) , the total biomass of rye in the P treatment was significantly higher than in the other treatments, so most probably the crop water uptake dried the soil out. In the NT soil retained more and less water in the upper 20 and 80cm layer, respectively, compared to D treatment, which indicates, that NT provided more equilibrated soil water distribution within the profile due to more uniform root distribution enabled by the absence of tillage-induced subsoil compaction (e.g. plough or disk pan). Fig. 3 demonstrates the soil water content dynamics in various treatments during selected periods. The depth of tillage operations is indicated by lines.
The driest conditions during the 70-day period starting from early spring were recorded in the ploughing treatment. The soil water content distribution in the P 0 treatment indicates, that the formation of plough pan around 30 cm depth limited the infiltration of water to the deeper layers, resulting in increased evaporation losses and drier conditions in both, the topsoil and the subsoil. Application of catch crops changed the soil water regime in the P treatment significantly -water could penetrate below the plough pan layer, most probably due to improved soil structure and root channels. The influence of catch crops was also valuable in the LD treatment, resulting in higher and lower soil water contents in the topsoil and subsoil, respectively.
However, it is difficult to decide, which soil/crop management system provided the highest amount of plant available water for the rye, since high soil water content could mean that rye roots could not reach the wet soil layers, or could not uptake the water from the soil for various reasons. Thus, quantification of the soil water balance elements (including plant water uptake and transpiration) and water use efficiency calculations would be needed to range the studied soil management systems with respect to moisture conservation.
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Soil water content (v%) methods for soil moisture conservation is rather risky, their application needs special care and the future is for site-specific precision technologies. These are, in combination with catch crop application can be efficient measures of environment protection (prevention of soil degradation processes; control of biogeochemical cycles of elements: plant nutrients and pollutants; maintenance of favourable biodiversity, etc.) as well. We concluded, that quantification of the soil water balance elements (including plant water uptake and transpiration) and water use efficiency calculations would be needed to range the studied soil management systems with respect to moisture conservation.
